The effects of 2-chloroethylphosphonic acid (Etlhrel), etlhylene, and sonie growth retardants oii sex expression of enlcumber plants (Cuctumis sativtrs L.) were investigated, with the use of a monoeciouis ctultivar (Improved Long Green) w-hichi has a strong tendency toward nmaleness.
Cucumber flower buds, which differentiate in leaf axils of main shoots, are bisexual in their early developmental stages. Later they develop into either staminate (male) or pistillate (female) flowers (1, 7, 12) . In monoecious varieties male flowers differentiate at the lower nodes, followed by female flowers at the higher nodes. The number of nodes to the first female flower and total number of female flowers are both reliable indices of sex expression.
Although sex expression in cucumber plants is determined genetically, it is modified by several environmental factors. High nitrogen, short days, low light intensity, and low night temperature are among the factors which favor femaleness. Reverse conditions tend to cause maleness (11) .
The concept that sex expression of cucumber plants may be regulated by a balance between native auxins and gibberellins (2) is supported by two types of evidence. Applied auxins, especially a-naphthaleneacetic acid, induce femaleness (8, 13, 15) , whereas gibberellins induce maleness (8, 23, 27) . Secondly, the main shoots of andromonoecious plants bearing the male flowers contain more ' Present address: Experiment Farm, Faculty of Agriculture, I Iniversity of Tokyo, 1-1-1 Midori-cho. Tanashi, Tokyo 188, Japan. extractable auxin than hermaphrodite plants with bisexual flowers (9). Furthermore, monoecious plants contain more endogenous gibberellin-lilce substances than gynoecious plants (2).
Recently it was demonstrated that in some plant responses auxin may exert its effect through ethylene evolution (29) and that gibberellins have generally an opposing effect to ethylene (28) . Since it has long been known that unsaturated hydrocarbons (17, 18, 19) induce femaleness in cucumber, it appears that ethylene, the most potent unsaturated hydrocarbon affecting plants (4), may be the active factor for inducing femaleness.
Recently it was found that Ethrel2, which releases ethylene in the presence of plant tissues (31) , is remarkably effective in increasing femaleness in cucumber (14, 16, 24, 25, 30) . The experiments reported here were initiated to study the effects of ethylene, Ethrel, gibberellins, growth retardants, and inhibitors on sex expression in cucumber.
MATERIALS AND METHODS
A monoecious cucumber, Cucumnis sativus L. Improved Long Green, was used, since it shows a strong male tendency and bears only 1 or 2 female flowers in leaf axils of the main shoot through the 20th node. Seeds were sown in 5 The node number at which the first male or female flower appeared, the total number of flowers, and days required for flowering were recorded. planting. Ethylene lowered the node number at which the first female flower developed and also gave a small but significant increase in the number of nodes to the first male flower (Table I) . Ethylene had no effect on the number of days to first flower anthesis except for female flowers at 100 and 1000 Ml/liter. Of a total of 24 treated plants, 15 differentiated female flower buds between the second and fourth nodes. Ten of these buds developed into flowers. Neither the nontreated controls nor the controls enclosed in plastic bags developed female flowers below the 12th node. It is apparent from these data that ethylene causes a tendency toward femaleness when applied at the first leaf stage. The ethylene-treated plants, however, showed a general yellowing and epinasty of the cotyledons. This effect was not observed in plants treated with Ethrel unless the plants were enclosed in plastic bags from which the excess ethylene could not escape. Thus, the general effect of ethylene on plant growth probably masked the more subtle effects on sex expression. For example, at the lowest concentration used (100 ,A/liter) the influence of ethylene on femaleness, as evidenced by the node of the first flower, approached that obtained with Ethrel (Table II) . However, as the concentration of ethylene was increased, the effect on femaleness was reduced. Minina and Tylkina (19), using cucumber, and Nitsch et al. (21) , using squash, failed to induce femaleness when ethylene was applied in a closed system. Again, these results could be explained as the more general effects of high concentrations of ethylene on plant growth rather than sex expression per se.
Effects of Ethrel. Experiments were conducted twice with essentially the same results, and the results of only one trial are described (Table II) Generally, Ethrel treatment decreased the plant height, and this effect was more pronounced as the number of applications increased. When applied at the cotyledon stage, Ethrel (as with ethylene) was completely inactive in altering sex expression in the first experiment (Table II) whereas in the second experiment a few female flowers were induced at the first and second nodes on some plants. Single applications at the first through third leaf stages, however, were all very effective in causing femaleness. These plants showed a decrease in the number of male flowers and a marked increase in the number of female flowers. While there was essentially no difference between treatments in the total number of male or female flowers when applied after the cotyledon stage (17, 24 , and 31 days), the number of nodes to the first flower differed between these treatments. The number of days to anthesis of female flowers was increased when the application was made to the later stages of growth. The double and triple applications showed essentially the same results as the single applications. In the multiple treatments, the first application (after the cotyledon stage) appeared to induce a maximal response in the total number of female flowers (Table II) although additional applications increased the number of nodes with a female dominant ratio. Plants treated at the first leaf stage had flowers with a female dominant ratio at the 5th through 12th nodes; those treated at the second and third leaf stages had them at the 8th through 18th, and 13th through 20th nodes, respectively (Fig. 1) . Thus, the later the time of application the higher the node number with a dominant female ratio. According to Fujieda (7) , plants at the first, second, and third leaf stages have already differentiated flower primordia up to the 9th, 12th, and 15th nodes, respectively. He also showed that in the second and third leaf stages, sex of flowers has already been determined up to the 4th and 7th nodes, respectively. This, together with the lack of effect of Ethrel on cotyledon stage plants, suggests that not only the size and age of the flower buds but also the age of the plants is critical for the induction of femaleness.
Effects of Ethrel and Gibberellins. Plants were treated with IWAHORI, LYONS, AND SMITH with Ethrel (10 or 30 ,ug), it did not change the node number or anthesis of the first male flower. However, in combination with 100 ,ug of Ethrel, GA4+7 considerably decreased the number of nodes to the first male flower compared to Ethrel alone. Figure   2B shows that Ethrel alone or in combination with GA4+7 markedly decreased the number of male flowers. As the amount of applied Ethrel increased, fewer male flowers opened. GA4+7 had no effect on the number of male flowers, and no statistically significant interaction was found.
On the other hand, Ethrel lowered the number of nodes to the first female flower and accordingly shortened the days required to anthesis (Fig. 2C) . Ethrel also increased the number of female flowers (Fig. 2D ), but the effect was decreased by the addition of GA4+7. When analyzed statistically, the effects of GA4+7 alone in increasing the node number (Fig. 2C ) and decreasing the number of female flowers (Fig. 2D) were highly significant. However, the interactions of GA4+7 and Ethrel were not statistically significant.
Scott and Leopold (28) showed that ethylene and gibberellins had opposing effects on the growth of lettuce hypocotyls, invertase activity of beets, and a-amylase activity of barley. Also, Fuchs and Lieberman (6) previously (6, 24, 28) on the opposing nature of Ethrel and gibberellin. However, since the interaction here was not significant, it would suggest that these growth regulators may act independently, rather than as antagonists. The sites of action are still unknown, but the opposing effects on sex expression may be explained through an effect on hormone balance affecting general plant rather than on the flower bud itself.
Effects of Growth Retardants and Inhibitors. Bromocholine bromide (22) and allyltrimethylammonium bromide (20) have been reported to cause femaleness in some cucumbers, and Alar in muskmelon (10) . In addition, ABA is known to inhibit gibberellin action in a-amylase synthesis in barley endosperm (5 M=5." o0=25"
